Objectives. Causes may be found in most cases of acute pancreatitis, however no etiology is found by clinical, biological and imaging investigations in 30% of these cases. Our objective was to evaluate results from endoscopic ultrasonography (EUS) for diagnosis of gallbladder microlithiasis in patients with unexplained (idiopathic) acute pancreatitis. MethOds. Thirty-six consecutive non-alcoholic patients with diagnoses of acute pancreatitis were studied over a five-year period. None of them showed signs of gallstones on transabdominal ultrasound or tomography. We performed EUS within one week of diagnosing acute pancreatitis. Diagnosis of gallbladder microlithiasis on EUS was based upon findings of hyperechoic signals of 0.5-3.0 mm, with or without acoustic shadowing. All patients (36 cases) underwent cholecystectomy, in accordance with indication from the attending physician or based upon EUS diagnosis. Results. Twenty-seven patients (75%) had microlithiasis confirmed by histology and nine did not (25%). EUS findings were positive in twenty-five. Two patients had acute cholecystitis diagnosed at EUS that was confirmed by surgical and histological findings. In two patients, EUS showed cholesterolosis and pathological analysis disclosed stones not detected by EUS. EUS diagnosed microlithiasis in four cases not confirmed by surgical treatment. In our study, sensitivity, specificity and positive and negative predictive values to identify gallbladder microlithiasis (with 95% confidence interval) were 92.6% (74.2-98.7%), 55.6% (22.7-84.7%), 86.2% (67.4-95.5%) and 71.4% (30.3-94.9%), respectively. Overall EUS accuracy was 83.2%. cOnclusiOns. EUS is a very reliable procedure to diagnose gallbladder microlithiasis and should be used for the management of patients with unexplained acute pancreatitis. This procedure should be part of advanced endoscopic evaluation.
intROductiOn
It is usually not difficult to determine the cause of an episode of acute pancreatitis 1 . Excessive alcohol consumption and gallstone disease are responsible in most cases, and presence of these conditions can be established by the patient's history (alcohol abuse) and transabdominal ultrasound (gallstone disease) 2 . Definition of microlithiasis is a matter of controversy. Definitions that have been used include radiological invisibility 3, 4 , stones less than 5 mm in diameter 5 and/or stones less than 3 mm in diameter 6 . Because of their small size, they may be difficult to detect and, when roentgenographically invisible, may constitute a diagnostic challenge in patients with recurrent acute pancreatitis 5, 6 . Microlithiasis of the gallbladder is also dreaded for its tendency to migrate and cause acute pancreatitis. Indeed, gallbladder microlithiasis and microcholedocolithiasis are frequently found after surgical procedures and gallstones are found in the feces of 90% of patients with acute pancreatitis 4, 7, 8 . The aim of this study was to evaluate the usefulness of endoscopic ultrasonography (EUS) for diagnosis of gallbladder microlithiasis. Thus, we determined sensitivity, specificity and predictive values of this method for recognition of gallbladder microlithiasis especially in patients with unexplained acute pancreatitis and compared EUS findings of microlithiasis with its identification through surgical procedures.
MethOds

Patients with acute pancreatitis
Sixty-six patients with acute pancreatitis, without etiological diagnosis were consecutively examined over a five-year period. Diagnosis of unexplained acute pancreatitis was made when the patient presented acute abdominal pain without any history of trauma, infection or use of medications (especially steroids, diuretics or antineoplastic agents), in addition to transabdominal ultrasound and computed tomography (CT) scans showing evidence of pancreatic inflammation. Ultrasound and CT showed absence of gallstones in all patients. The calcium and serum triglyceride levels (< 300 mg/dl) were normal. Excessive alcohol consumption (more than 30 g/day) was ruled out for all these patients, due to their clinical histories 9 . We recorded the serum levels of amylase and lipase, main clinical signs and symptoms, EUS findings as well as those of microlithiasis in the gallbladder as reported by the surgeon.
Exclusion criteria
Five patients were excluded from this study because they did not undergo cholecystectomy. Twenty-five were also excluded since they presented stones greater than 3 mm in diameter; chronic pancreatitis; neoplasia; other causes for their episodes of acute pancreatitis that were identified by EUS; suspicious sludge during the immediate postoperative period; pregnancy; stenosis or chronic obstruction of biliary ducts; prolonged parenteral nutrition; liver cirrhosis; hemolysis; prolonged fasting (> 2 weeks); obesity with rapid weight loss; and oral contraceptive use 10, 11 .
Study group
Of the 36 patients fulfilling the above criteria, 23 (63.9%) had had at least one episode of acute pancreatitis prior to the current attack (overall, 69 episodes in 36 patients), while thirteen (36.1%) presented acute pancreatitis for the first time. Transabdominal ultrasound and CT scans of the gallbladder did not disclose any abnormality, however CT scans showed evidence of pancreatitis in all patients (36) . There were 21 women (58.4%) and 15 men (41.6%) with a mean age of 47.1 years (range 20 -83 years).
All patients underwent EUS during the first week following diagnoses of acute pancreatitis. The EUS examinations were conducted by the same experienced endoscopist (JCA) using the commercially available Olympus GIF-UM30(Olympus America Inc., Melville, NY, USA) radial scanning system at 7.5 and 12 MHz and Pentax FG-38UX (Pentax Precision Instruments, Orangeburg, NY, USA), coupled to the HITACHI EUB 405(Mitsubishi, Conshockon, PA, USA) linear array scanning system at 5.0 and 7.5 MHz. During examinations, the patients were in prone position or left lateral decubitus.
Patients underwent topical anesthesia of the posterior pharynx and intravenous conscious sedation. The echoendoscope was advanced to the second portion of the duodenum, where the ampulla of Vater was identified and imaging was begun. Images of the infundibulum and body of the gallbladder were taken from the duodenum while images of the fundus were taken from the antrum.
Gallbladder microlithiasis was diagnosed using EUS when we found a hyperechoic signal (0.5 -3.0 mm) with or without acoustic shadowing. Hyperechoic signals of more than 3.0 millimeters were excluded from this study. Thereafter, all patients underwent cholecystectomy, which was retrospectively reviewed. Findings from the surgical and/or histopathological data were compared with the EUS findings.
Expression of the results and statistical analyses
Statistical analysis was undertaken to obtain the sensitivity, specificity and negative and positive predictive values with 95% confidence intervals, and accuracy of the diagnosis of gallbladder microlithiasis by EUS. The sensitivity was defined as the ratio of patients with positive presence of microlithiasis by EUS examination in relation to patients with proven stones following surgical procedure. The specificity was defined as the ratio of patients with no biliary stones in relation to negative presence of microlithiasis by EUS examination. The negative and positive predictive values of the EUS examination for diagnosis of microlithiasis were obtained from the same group. This study was approved by the Research Ethics Boards of Hospital 9 de Julho and written informed consent was obtained from all patients
Results
Patients
The male-to-female ratio among the 36 patients was 1.4:1.0. Among these 36 patients with unexplained acute pancreatitis, abdominal pain was found in 100%, vomiting in 86.1%, jaundice in 12.1%, pleural effusion in 11.1% and ascites in 11.1%. The mean level of serum amylase was 780.4 UI/l (range 135 -2557 UI/l) and the mean level of serum lipase was 3428.5 UI/l (339 -11.637 UI/l).
Endoscopic ultrasonography
We performed 40 echoendoscopic examinations (twice in four patients). Among the 36 patients who underwent echoendoscopic examination, 3/36 (8.3%) did not present any abnormality in the gallbladder, while the others did (33/36; 91.7%). The EUS identified presence of gallbladder microlithiasis ( Figure  1 ) in 29/36 (80.6%), acute cholecystitis (2) and cholesterolosis (2) . We found four false positive cases and two false negatives in this sample of patients.
EUS and surgical findings
Multiple micro-gallstones were found in 27/36 (75%) of the patients (Figures 1 and 2 ), while they were absent in 9/36 (25%).
Statistical analysis
The sensitivity, specificity, negative and positive predictive values, accuracy and 95% confidence intervals of the EUS for the investigation of gallbladder microlithiasis are in Table 1 .
discussiOn
Diagnosis of acute pancreatitis is clinically and biochemically established. The main symptoms are abdominal pain and vomiting. Hyperamylasemia is considered an essential sign of acute pancreatitis, occurring in up to 80% of cases. Lipase serum levels are elevated in the great majority of these patients, and levels remain high for a longer period than the amylase levels 12 . All these parameters were found in our series.
After systematic diagnostic investigation (clinical, biochemical and imaging methods) to identify an etiological agent for acute pancreatitis, 10% to 30% of the patients do not present any defined cause and are labeled cases of acute pancreatitis without apparent cause 2, 13 . Among the acute pancreatitis patients without a defined cause, 20% to 50% present microcalculi and tend to have recurrences with high morbidity-mortality rates 8, [14] [15] [16] [17] . Therefore, it is important to identify microcalculi, because of possible recurrent relapses of acute pancreatitis and to enable early treatment that would avoid such relapses 6, [13] [14] [15] [16] [17] . For this reason attention has been directed to introduce sensitive noninvasive diagnostic methods and revive certain old methods (bile collection for crystal investigation) 18 . Thus, advanced endoscopic techniques such as endoscopic retrograde cholangiopancreatography (ERCP) 1, 19, 20 , ERCP with bile collection for investigating microcrystals 18, 21 and EUS for the purpose of detecting microlithiasis have progressed in the propaedeutics for this disease [22] [23] [24] [25] . Patients with radiolucent migrating calculi present episodes of bile colics, recurrent acute pancreatitis and transitory jaundice, despite the radiological normal appearance of the bile ducts, as seen using ERCP and transabdominal ultrasound 4 . According to some authors, microcalculi are frequently radiolucent 3, 4 . We considered bile sludge (Figure 2 ) to represent microlithiasis, since this sludge and calculi with more than 4 mm diameter can be identified on transabdominal ultrasound because they present an acoustic shadow 26 . Presence of microcalculi was also shown in 8.3% of patients with bile sludge who underwent surgery 27 . It can be concluded that presence of bile sludge should be considered abnormal, since there may be precipitates of calcium bilirubinate or cholesterol (microcalculi) 28 . In this series, three cases presented with appearance of bile sludge on EUS, and surgical findings revealed the presence of microcalculi.
Using US or radiographic methods, for calculi sizes of less than or equal to 3 mm in diameter, the diagnosis rate is around 25% 6, 7 . If the calculi range between 3 and 5 mm in diameter, the rate is 40% 5 and, if the radiolucency criterion is used, the rate falls to 10%. For this reason, calculi less than or equal to 3 mm in diameter are a diagnostic challenge, particularly because of confusion with bile sludge [26] [27] [28] . Patients with recurrent acute pancreatitis, whose transabdominal ultrasound and ERCP are normal may present calculi during the operation 29 . Calculi size and density are the factors responsible for the false results 29 . Other risk factors for acute pancreatitis relate to the number of calculi, width of the cystic duct and width and length of the Oddi sphincter 30, 31 . Transabdominal ultrasound is the examination of choice to diagnose biliary diseases 6, 29, 32 . Especially since transabdominal ultrasound presents high sensitivity for diagnosis of biliary calculi 33, 34 . However, during episodes of acute pancreatitis, sensitivity is lower, ranging from 58 to 67% 35, 36 . In some cases of acute pancreatitis without apparent cause, ERCP may identify potentially treatable conditions. This may occur in 30 to 50% of cases 37 and those presenting calculi between 5 and 15% 29, 37 . However, amylase levels may be elevated in 30 to 75% of asymptomatic patients 38 . Bile collection to investigate biliary crystals in comparison with EUS, in patients with normal transabdominal ultrasound and a diagnosis confirmed by surgery, showed sensitivity, specificity, positive predictive value and negative predictive value for EUS of 96%, 86%, 89% and 95% and for bile collection of 67%, 91%, 89% and 70%, respectively 39 . False positive results occurred due to acoustic reverberation caused by movement of the bladder wall, thereby forming artifacts that were confounded with microcalculi 39 . In the present study, endoscopic examination was shown to be advantageous in relation to transabdominal ultrasound because it enabled adequate examination of the gallbladder during the acute pancreatitis episodes. It is also more advantageous than bile collection, because it does not use cholecystokinetic agents to obtain bile, which could, at least hypothetically, cause recurrence or worsening of the pancreatitis 40 . It is also less invasive than ERCP 41 and does not worsen the condition of acute pancreatitis 42 . Based upon sensitivity (92.6%), positive predictive (86.2%) and accuracy (83.2%) values with their respective confidence intervals (74.2-98.7%, 67.4-95.5% and 63.5-93%) that were obtained (Table 1) , it can be inferred that EUS is safe and provides high-precision diagnosis. Presumably responsible factors for this high detection rate are: 1) the gallbladder is closely related to the stomach and duodenal wall; 2) the median distance between the echoendoscopic transducer and the gallbladder is small (0.5 mm); 3) the focal point is easily found, thereby making it possible to obtain images without great distortions; 4) the whole gallbladder (infundibulum, body and fundus) and cystic duct are examined, even under severe conditions of pancreatitis; and 5) the use of frequencies of 5.0, 7.5 and 12 MHz intensifies details in the images.
Previous studies using EUS to diagnose microlithiasis found sensitivity rates of 95% to 97% 39, 41, 43 , with a positive predictive value of 100% 43 . In our study, the specificity and negative predictive value (with their 95% confidence intervals) were 55.6% (22.7-84.7%) and 71.4% (30.3-94.9%), respectively. These estimates, with their respective confidence intervals, are questionable and imprecise, considering that in other studies, the specificity ranged from 76% to 86% 39, 41 . Perhaps these results occurred because of the small sample of individuals without the disease and the great possibility that the patients examined here would have gallbladder etiology as the cause of their episodes of acute pancreatitis.
It is emphasized that, despite being an invasive technique, EUS does not present: 1) difficulties involved in catheterizing the papilla; 2) inconvenience of injecting contrast to make the biliary-pancreatic duct visible; 3) problems with the technique of bile collection from the bile duct and gallbladder, in which stimulation using cholecystokinetic agents is required to obtain the material; and 4) complications involved in gallbladder puncture to obtain bile. Thus, EUS examination seems to be harmless and have a reasonable degree of safety to identify microcalculi of the gallbladder without worsening or triggering relapses of acute pancreatitis. It is noteworthy that the proportion of pancreatitis cases labeled as not having any apparent cause presents an inverse relationship with the quality of diagnostic methods used.
We believe that we have clearly and precisely demonstrated that EUS represents an important advance, since it reveals gallbladder microlithiasis in a significant proportion of cases of acute pancreatitis, initially labeled as not having any apparent cause. This examination is practical, safe, objective and easy to perform. From the sensitivity obtained with this patient sample, early and appropriate therapeutic interventions are possible, which seems to notably reduce risk of recurrences 15, 44 . In the present series, EUS was fundamentally and clearly superior to transabdominal ultrasound for identifying microcalculi of the gallbladder that were associated with relapses of acute pancreatitis without apparent cause. Likewise, in comparison with data from investigating crystals in bile using various techniques reported in literature (ERCP), results from EUS were at least similar, without inconveniences of the ERCP method, and were safer presenting notably greater sensitivity 22, 41 . Nevertheless, it must be stressed that, to obtain satisfactory conclusions regarding the two techniques, comparative studies with a rigorous methodology are required. This would make it possible to ascertain which method would be best for patients presenting acute pancreatitis without apparent cause. cOnclusiOn EUS is very reliable for diagnosing gallbladder microlithiasis and should be used for managing patients with unexplained acute pancreatitis. This procedure should be part of advanced endoscopic evaluation. 
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